Introduction: We evaluated the feasibility and impact of Expiratory Muscle Strength
Introduction
Swallowing impairment occurs in up to 85% of individuals with amyotrophic lateral sclerosis (ALS) 1, 2 and is both functionally and psychologically devastating.
Malnutrition and aspiration pneumonia, both consequences of dysphagia, increase the risk of death by 7.7 times and contribute to 25.9% of patient mortality 3, 4 . Beyond these direct physical consequences, dysphagia also contributes to social isolation, fear, and decreased mental health in this patient population 5 .
Dysphagia in ALS results from weakness and/or spasticity of the muscles of deglutition, including muscles of mastication, the tongue, lips, pharynx, and larynx 6 , while weakness of the respiratory and ventilatory musculature further impairs airway protection by reducing the expiratory pressure generation capacities necessary to produce an effective cough 7, 8 . In a recent videofluorosopic analysis of 18 patients with ALS who aspirated, 45% demonstrated a weak and ineffective cough response, 55%
demonstrated an absent cough response, and none could produce a cough response sufficient to expel tracheal aspirate 9 . Gaziano and colleagues concluded that management strategies to improve vestibule closure, expiratory force generating pressure, and cough strength might enhance airway protection during swallowing in individuals with ALS 9 .
Although animal and human studies suggest that exercise may have a beneficial impact on motor function and motor neurons serving the extremities [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] , the role of targeted exercise in ameliorating the effects of motor neuron degeneration in the bulbar and respiratory systems of ALS patients has not been studied systematically. In this study, we assessed the feasibility and impact of Expiratory Muscle Strength Training Expiratory Training in ALS 4 (EMST) on expiratory force generating ability, swallow kinematics, cough physiology, and airway protection in individuals with ALS.
METHODS.
Participants. 25 individuals with a diagnosis of probable or definite ALS by the Revised El-Escorial criteria 20 were recruited. Expiratory force generating pressures in participants ranged between 12-122 cmH 2 0.
Therefore, 2 expiratory training devices were utilized that were capable of calibrated changes in the resistance or physiologic load to the target muscles to facilitate this 
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Statistical Analysis. Descriptive statistics were performed to determine attrition, feasibility, and exercise tolerability in this study across time points. To assess the effect of EMST on respiratory, swallow, and cough function, a repeated measures analysis of variance (ANOVA) was performed on all outcome variables across the 3 time points with alpha set at 0.05 using SPSS (Version 22). Post-hoc analysis (LSD pairwise comparisons) was performed when significant main effects were observed. Figure 1A .
RESULTS.
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Secondary Outcome: Swallowing Kinematics. A significant main effect was noted for maximum hyoid displacement during swallowing, F (2) 
DISCUSSION
These findings indicate that for participants who entered the active phase of the trial, EMST was feasible, safe, and well tolerated in this small cohort of ALS patients and led to immediate gains in expiratory force and greater hyoid displacement during swallowing. The dropout of more severely affected ALS patients could be due to generalized fatigue, increased transfer and travel problems, or other unidentified factors, but it could also be that EMST is best tolerated by ALS patients in the early 
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stages of the disease. Future studies could target mildly to moderately affected ALS subjects in early stages of the disease and could also incorporate weekly home therapy visits to minimize patient travel.
In this study, a 5-week moderate load EMST program led to increases in maximum expiratory force-generating capacities and hyoid displacement during swallowing. The noted impact of EMST in this cohort of ALS patients is similar to those reported in the sedentary elderly 26 , patients with Parkinson disease 25, 27, 28 , and multiple sclerosis 29 .
Maintenance of subglottic air pressure-generating abilities is of high relevance in ALS patients who have severely diminished capacities to generate adequate expiratory pressures to produce an effective cough and to protect their airways 7, 8, 9 .
The increase we observed in hyoid excursion during swallowing following EMST has also been documented in Parkinson disease patients who underwent a similar EMST 
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Although no statistical differences were observed in cough spirometry measures, This pilot study was performed in a relatively small cohort of patients, and although a lead-in period was utilized to serve as a within-subject control, we did not test a comparison control group. Given the nature of this pilot study, a lead-in design to assess for baseline vs. treatment phase differences in the same subjects over time was chosen to afford the ability to control for potentially substantial differences in native progression rates by comparing subjects over their treatment periods against themselves during a defined period prior to treatment (an important feature for pilot studies not large enough to wash out large progression rate differences between randomized placebo and treatment groups). Further, although an attempt was made to screen cognitive function using the MMSE, this test is not sensitive in detecting the cognitive and behavioral impairment in ALS, and future work should incorporate a more sensitive instrument to screen for cognitive dysfunction. Additionally, patients were not MEPs were significantly higher following the EMST intervention compared to Baseline 2 (P<0.02). B. Mean maximum hyoid displacement (mm) across testing sessions. Hyoid displacement during swallowing was greater post-EMST intervention compared to both baseline tests (P<0.05). Error bars are 95% C.I. and * denotes a significant difference between evaluation time points.
